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It was disclosed in patent application PCT/GB9 1/01 134 thai 
antibody fragments can be displayed on the surface of 
bacteriophage fd and that they will bind antigen. Antibody 
fragments can be directly selected using this characteristic This 
abillQ' to isolate antibody fragments (Fab, Fv, scFv and VH) using 
their display on the surface of filamentous bacteriophage has 
opened up the prospea of the isolation of antibody sp^ifidtles 
(Le. antibodies directed against a particular antigen) that were 
difficult or impossible to isolate previously. In particular 
PCT/GB9 1/01 134 demonstrates that antibody specificities can be 
isolated from a human who has not been specifically immunised 
('unimmunised'), even specificities for antigens such as 2-phen>1- 
S-oxazolone to v^ch humans will not normally be exposed. In 
contrast, screening of a bacteriophage lambda library (where no 
analogous selection procedure is available) failed to isolate a 
single antibody against tetanus toxoid from an unimmunised 
human donor (MAJV. Persson et al ProcJ>fatL Acad5cLU5A 88 
2432-2436. 1991). Antibodies ofbigh spedfidQr have been 
obtained from phage fd libraries of 'natural' antibodies from 
unimmimised donors, for instance an antibody against turkey egg 
lysozyme was isolated with a dissociation constant of 87nM for 
turkey egg lysozyme which did not cross react with hen egg 
lysozyme (see example 1). The possibility therefore exists of the 
isolation of antibodies to any antigen from a phage library which 
is sufficiently large and diverse. 

A preferred source for the generation of diverse libraries is 
IgMmRNA. It is was found in example 43 of PCT/GB91/01134 
that antibody fragments directed against turkey egg lysozyme and 
2-phenyl-S-oxazoIone were much more readily isolated from a 
phage library derived from the IgM mRNA from an unimmunised 
human donor, than from one prepared from IgG mRNA. 
Furthermore, no 2-pbenyl-5-oxazoIone binding antibody 
fragments could be isolated from a library of 2000000 phage 
antibody clones prepared from IgGmRNA of unimmunised mice 
(T.aackson et al. Nature 352 624-628.1991). 



Antibody specificities can be isolated from these libraries of 
'natural' human antibodies which are directed against 

non-self antigens of human origin, for instance specificities 
directed against human blood group B from libraries prepared 
from subjects of blood group O. 
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It is a demanding task to isolate an antibody fragment with 
spedfidty against self antigen. Animals do not normally produce 
antibodies to self antigens, a phenomenon called tolerance. 
Autoimmune diseases may result from a breakdown in tolerance. 
In general, vaccination with a self antigen does not result in 
production of circulating antibodies. It is therefore difficult to 
raise antibodies to self antigens, particularly in humans. It is 
possible to raise antibodies that recognise human antigens in 
other animals, especially if the epitope is not too closely related 
between the two animaU if a human antibody is then required it 
is necessary to 'humanise' the antibody by CDR grafting (patent 
GB2188638B). Phage antibody technology (PCr/GB91/01134) 
offers the ability to isolate such human antibodies directiy. In this 
application, we demonstrate that antibodies against self-antigens 
can be isolated from phage Ubraries derived from nonimmunised 
humans. 

In examples 1 to 3 and in PCT/GB91/01134 we have used fusion 
of antibody fragments to gene 3 protein of filamentous 
bacteriophage for display and selection of antibody fragments 
derived from unimmunised humans. An alternative approach 
would be to fuse antibody fragments to gene 8 protein or other 
surface molecxiles of filamentous bacteriophage. 



The simplest anti-self antibodies to isolate should be those from 
patients with significant concentrations of circulating 
autoantibodies, due to a breakdown in the tolerance mechanism. 
The antibodies prepared from V gene Ubraries will then derive 
from die mRNA of plasma ceUs seaeting IgG (or IgM) antibody. 
For instance, anti-self antibodies might be isolated from patients 
with-autoimmxme diseases, for example anti-acetylcholine 
receptor antibodies would be expected to be isolated from 
antibody repertoires made from the IgG mRNA of myasthenia 
gravis patients. For example, an antibody fragment specific for 
himian thyroid peroxidase has been isolated from a bacteriophage 
lambda library from a patient with thyroid autoimmune disease 
(SJortolano et alBiochem. Biophys. Res. Commun. 179 372-377, 
1991). This however required extensive screening of 200,(XX) 
plaques to obtain one clone In addition, this Ubraiy was derived 
from thyroid tissue, a procedure not readUy applicable in most 
instances. In contrast, the power of selection available using die 
phage system, demonstrated in PCT/GB91/01134 allows the ready 
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isolatioa of autoandbodies from the IgM mRNA of peripheral 
blood lymphocytes of a doaor without disease. We show in 
example 3 that andbodies binding to human thyroglobuiin (which 
are found in the sera of many people without autoimmune 

disease), can be isolated from phage reoenoi res prepared from _ 

unimmtmised humans. a in. o^S '■o«v*y '^'^-^bT^ 

However, the vast majority of self antigens do not have associated 1 
circulating autoantibodies. In this application, we demonstra te ^ 
chat even antibodies against human tumour necrosis faaor-a'can 
be isolated as described in example 2 from ttxe same library as the 
antibodies directed against thyroglobuiin. This opens the prospect 
of the direct isolation of human antibodies binding to bunian 
antigens for a ntmiber of purposes such as antibodies which bind 
to circulating hormones to block, modify or potentiate cheir action 
or antibodies that bind to cell surface antigen for imaging or 
killing for example of cancer cells. 

The origin of the V genes that contribute to anti-self antibodies 
isolated from phage display libraries is not dear.Tolerance to self 
antigens by the immune system (preventing the generation of 
antibodies direaed against them) is mediated by either clonal 
deletion or functional inactivation (anergy) of self-reactive B 
lymphocytes (D^Nemazee & KJurki Nature 337 562-566. 1989; 
C.CGoodnow et al Nature 334 676-682. 1988; S.BJ!artley et al 
Nature 353 765-769. 1991; D.M.Russell et al Nature 354 308-311. 
1991). In either case little circulating anti-self antibody is 
detectable for most antigens. However, in the case of anergy, 
functionally inactivated self-reactive cells from the B cell lineage 
persist in peripheral lymphoid organs leading to B cells in 
circulation. These rare lymphocytes with anti-self specificity may 
provide heavy or light chain partners (or even both) for phage 
antibodies with anti-self specificities. Alternatively, such anti-self 
specificities may arise from the combination in the library of a VH 
domain with a VL domain to give a specificity that is normally 
deleted if it occurs in nature. For this reason, combinatorial 
libraiies and 'chain-shufRed' libraries such as those described in 
patoit appUcations PCT/GB91/01134 and 9120252.3 may be a 
particularly rich source of anti-self antibodies. Whichever of these 
possibilities appUes, a selection procedure of great power, such as 
that provided by phage antibodies, is required to obtain such tare 
anti-self antibodies. 



This application shows that anti-self antibodies can be isolated 
from libraries prepared using mRNA derived from peripheral 
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blood lymphocytes. Other sources of such anti-self antibodies may 
be fetal mRNA or cord blood mRNA {P.M.Lydyard et al Scand J 
Immunol 31 33-43, 1990) or libraries prepared by the synthetic 
recombination of V, D and J segments. 

Phage libraries may be prepared which are enriched for 
antibodies directed against self. B lymphocytes express surface 
IgM and surface IgO before stimulation with antigen but express 
Uctie soluble IgM or IgO. These unstimulated cells are more likely 
to contain antibody genes with anti-self specif!cities.In contrast, 
terminally differentiated plasma cells which secrete soluble 
antibodies express littie surface immunoglobulin. The preparation 
of cDNA for phage library preparation using primers which are 
specific for surface IgM or stirface IgD will produce a repertoire of 
antibody genes enriched for the naive, unseleaed genes. In B 
lymphocytes which have been functionally silenced by exposure 
to self there are gready reduced levels of surface IgM but 
unchanged levels of surface IgD (CCGoodnow et aL supra). Hence, 
a primer specific for surface IgD may be particularly suitable for 
isolation of anti-self antibodies. 

There is some evidence that B lymphocytes directed against 
soluble self antigens are functionally silenced and chose directed 
against multivalent membrane bound self antigen are eliminated 
(S JJIartley et al supra; DJ^usseU et al, supra). Thus, die use of 
synthetic libraries made by VH, DH, JH or VKJK or VLJL 
recombination in vitro or its equivalent may be particularly 
advantageous for isolation of antibodies directed against 
miiltivalent membrane bound self antigens. 

AooUcatio ns of antibodies to self antigens 

Human antibodies to ceU surface components T he isolation of such 
antibody specificities would be particularly useful for preparing 
agents which mediate cell killing for instance of cancer cells, for 
example using the natural effector function of antibodies. Anti- 
self antibodies may also be valuable in the preparation of 
diagnostic in vivo imaging reagents, for instance using 
radioisotDpes. 

Antibodies directed against cell surface components of specific T- 
cell subsets could be used dierapeutically (D.Wraith et al Cell 57 
709-715,1989; LSteinman and ILMantegazza FASEB J. 4 2726- 
2731,1990), for instance to prevent T cell action causing 
rheimiatoid arthritis. 

Human antibodies modifying the funrtion of self molecules 
Antibodies can be isolated which modify the action of self 
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molecules such as hormones, growth factors and receptors through 
their binding to a specific epitope on the molecule. Multifunctional 
proteins may have both desirable and undesirable characteristics, 
paniciilarly if they are used therapeutically. For instance, the 
lympholdne TNF (omiour necrosis factor) binds to xmo different 
classes of cell receptors- one common on vascular endothelial 
cells, the other common on tumour cells. A mouse andbody to TNF 
has been made which prevents TNF firom binding » endothelial 
cell receptors while still allowing it xo bind to tumour cells thus 
allowing attack on (he tumours widiout toxic side effects mediated 
through endodielial cells (Patent application FCr/AU90/00337). 
For tberapeutic use of andbody modifiers of hormone or growth 
factor molecules, it would be preferable to have a human antibody 
specificity isolated direcdy through selection from a phage libraiy. 

^wn'^n a" ti-idiotvpes A ntibodies directed against the antigen 
combining sites formed by the variable domains of biunan 
antibodies may be direcdy isolated from phage antibody display 
libraries. If the original andbody is directed against a hormone or 
growth factor, die mirror image relationship between antigen and 
andgen combining sites means that the and-idiotype may mimic 
the honnone or growth facwr. 
And-idiotypes ouy also be useful for the treaonent of 
autoimmune disease. Hiey could be used to bind to circulating 
auteandbodies. However, it may be preferable to attacic direcdy 
andbody producing cells, for instance using a bispedfic andbody 
directed against a cdl surface marker as well as an and-idiotype 
spedfidty. Alternatively, plasmapheresis could be used to remove 
circulating antibody and the cells treated dlrec^. 

Human antibodies agains t receptors Human antibodies diat bhid 
to receptors. UocUng or antagonising llgand function could be 
selecrad direcdy fron a phage library displaying antibodies 
derived from an unimmunised donor. 

Human antibodies to prevent transplant rejection Antibodies 
directed against the major histocompatibility complex proteins 
could be used to treat patients following transplants in order to 
prevent rejection. 

C00291S 



TERMINOLOGY 

»Mcn oi th« carminoio^y discussed in This section 
has bean fflencioned in the text where appropriate. 
Specific Sindino Pair 

This describes a pair of aolecuies ;each being t 
m«nb«r o£ a specific binding pair) which are naturally 
derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to. and is therefore defined as 
complementary with a particular spatial and polar 
organisation of the other aolecule. so that the peir have 
the property of binding specifically to eacn other, 
•xamples cf r/pes of specific binding pairs are antigen- 
antibody. ;io;in-4vici.-. . .-.oraone-noraone racaptcr. 
receptor -:i;8nd. anzyme-suostrate. IgC-prctsi.-. A. 
Multiaeric .'Member 

T.Ms iescribes a first polypeptide vnicr. -ii; 
associate •.-tch at least a second polypeptide, when T.-.e 
-olypeptifas are expressed .r. free iora i.nc.cr :r. 
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surface of a subsrrate. The substrata may be provided by 
a bacteriophage. Where there are two associated 
polypeptides, the associated polypeptide complex is a 
diner, where there are three, a trimer etc. The dimer, 
trlffler, multlmer etc or the multlmerlc member may 
comprise a member of e specific binding pair. 

Example multlaerlc members are heavy domains based 
on an lomunoglobtilln molecule, light domains based on an 
Immunoglobulin molecule, T-cell receptor subuivlts. 
Replleable Genetic Display Package (Rgdp) 

This describes a biological particle which has 
genetic Information providing the particle with the 
ability to replicate. The particle can display on its 
surface at least part of a polypeptide. The polypeptide 
can be encoded by genetic information native to the 
particle and/or artificially placed into the particle or 
an ancestor of it. The displayed polypeptide may be any 
memher of a specific binding pair eg. heevy or light 
chain domains based on an loaunoglobulin molecule, an 
enzyne or a receptor etc. 

The perticle may be a virus eg. a bacteriophage such 
as fd or M13. 
Packaoe 

This describes a replleable genetic display package 
In which the particle is displaying a member of a 
specific binding pair at its surface. The package may be 
a bacteriophage which displays an antigen binding domain 
at its surface. This type of package has been called a 
phage antibody (pAb). 
Antibody 

This describes an immunoglobulin whether natural or 
partly or wholly synthetically produced. The term also 
covers any protein having a binding domain which is 
homologous to an imaunoglobulln binding domain. These 
proteins can be derived from natural sources, or partly 
or wholly synthetically produced. 

Example antibodies are the immunoglobulin isotypes 
and the Fab, F(ab^)2. scFV, Fv, dAb. Fd fragments. 
lamunoQlobuim Superfamily 

This describes a family of polypeptides, the members 
of which have et least one domain with a structure 
releted to thet of the variable or constant domain of 
immunoglobulin molecules. The domain contains two 0- 
sheets and usually a conserved dlsulphlde bond (see A. P. 
Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6 
381-40S). 

Example members of an immunoglobulin superfamily are 
C04, platelet derived growth factor receptor (POCFR). 
intercellular adhesion molecule. (ICAM). Except where 
the contest otherwise dictetes. reference to 
immunoglobulins end immunoglobulin homologs in this 
spplicetlon includes members of the immunoglobulin 
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superfaally and homologs thereof. 
HOBoloqs 

This ten Indicates polypeptides having the same or 
conserved residues at a corresponding position In their 
prloazy, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
homologous polypeptides. 

Example homologous peptides are the lonunoglobulln 
IsotTpes. 
Functional 

Zn relation to a sbp member displayed on the surface 
of a rgdp. oeans that the sbp oember la presented In a 
folded fon in which its specific binding domain for Its 
complementary sbp member is the same or closely analogous 
to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 
Zn this respect, it differs from the peptides of Smith at 
al, supra, which do not have a definite folded 
configuration and can assume a variety of configurations 
determined by the complementary members with which they 
may be contacted. 
Genetically diverse population 

In connection with sbp nembers or polypeptide 
components thereof, this is referring not only to 
diversity that can exist in the natural population of 
cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo . 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 
mutations of the sequence desired to be varied. In vivo 
mutagenesis may for example, use mutator strains of host 
microorganisms to harbour the DNA (see Example 38 below). 
Domain 

A domain is a part of a protein that is folded 
within itself and independently of other parts of the 
sane protein and independently of a complementary binding 
member. 
Folded Unit 

This is a specific combination of an o-helix and/or 
P-strand and/or P-tum structure. Domains and folded 
-units contain structures that bring together amino acids 
that are not adjacent In the primary structure. 
Free Form 

This describes the state of a polypeptide which Is 
not displayed by a replicable genetic display package. 
Conditionally Defective 

This describes • gene which does not express a 
particular polypeptide under one set of conditions, but 
expresses it under another set of conditions. An 
example, is a gene containing an amber mutation expressed 
in non-suppressing or suppressing hosts respectively. 

Alternatively, a gene may express a protein which is 
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dafecriv* under one sec of conditions, but not under 
another sec. An example is a g«ne with a temperature 
sensitive mutation. 

Suppreasible Tranalational Stop Codon 

This describes a codon which allows the translation 
of nucleotide sequences downstreaa of the codon under one 
sat of conditions, but under another set of conditions 
translation ends at tha codon. Exaapla of suppressible 
translaticnal stop codons are tha aabar, ochre and opal 
codons. 

Mutator Strain 

This is a host call which has a ganatic defect which 
causes DNA replica tad wltMn it to ba autatad with 
respect to its parent DNA. Example autator strains are 
NR9046ButOS and NR9046 out Tl (sa« Exaapla 38). 
Helper Phage 

This is a phage which ia used to infect cells 
containing a defective phage genoae and which functions 
to coapleaent the defect. The defective phage genone can 
be a phagamid or a phage with soae function encoding gene 
sequences reaoved. Examples of helper phages are M13K07, 
M13K07 gene IIZ no. 3; and phage displaying or encoding 
a binding molecule fused to a capsld protein. 
Vector 

This is a DNA molecule, capable of replication m a 
host organism, into which a gene is inserted to construct 
a recombinant ONA aolecule. 
Pheqe Vector 

This is a vector derived by modification of a phage 
genoae, containing an origin of replication for a 
bacteriophage, but not one for a plasmid. 
Phagamid Vector 

This is a vector derived by aodification of a 
plasfflid genome, containing an origin of replication for a 
bacteriophage as wall as the plasmid origin of 
replication. 
Secreted 

This describes a rgdp or molecule that associates 
with the member of a sbp displayed on the rgdp, in which 
the sbp member and/or the molecule, have been folded and 
.the package assembled externally to the cellular cytosol. 
Repertoire of Rearranged Imaunoqlobulin Genes 

A collection of naturally occurring nucleotides eg 
ONA sequences which encoded expressed immunoglobulin 
genes in an animal. The sequences are generated by the 
in vivo rearrangement of eg V, O and J segments for H 
chains and eg the V and J segments for L chains. 
Alternatively the sequences nay be generated from a cell 
line immxinised in vitro and in which the rearrangement in 
response to immunisation occurs intracellularly. 
Library 

A collection of nucleotide eg DNA. sequences within 
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lunoqlobulln 

K collection of nuelaotldo «g DMA, sequences derived 
wholly or parcly from a sourca other than cha rearranged 
immunoglobulin sequences froa an aniaal. This may 
Include for example, DMA sequences encoding VH domains by 
combining unrearranged V segments with 0 and J segments 
and OKA sequences encoding VI. domains by combining V and 



Part or all of the DNA sequences may be derived by 
oligonucleotide synthesis. 
Secretory Leader Peptide 

This Is a sequence of amino adds Joined to the N- 
tarmlnal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 
Eluant 

TtiX* is a solution used to breakdown the linkage 
betrween two molecules. The linkage can be a non-covalent 
or eovalant bond(s). The two molecules can be members of 
a sbp. 
Derivative 

This is a substance which derived froa a polypeptide 
which is encoded by the DNA within a selected rgdp. The 
derivative polypeptide may differ from the encoded 
polypeptide by the addition, deletion, substitution or 
insertion of amino acids, or by the linkage of other 
molecules to the encoded polypetide. These changes may 
be made at the nucleotide or protein level. For example 
the encoded polypeptide may be a Fab fragment which is 
then linked to an Fc tail from another source. 
Alternatively markers such as enzymes, flouresceins etc 
may be linked to eg Fab. scFv fragments. 

The present invention provides a method for 
producing a replicable genetic display package or 
population such rgdps of which method s ^ 
of: («_ 

a) inserting a nucleotide sequence ent 

a specific binding pair and on anti-alf a^ftWy, 
within a viral genome: 

b) culturing the virus containing said micleotide 
sequence, so that said binding molecule is expressed 
and displayed by the virus at its surface. 

The present invention also provides a method for 
selecting a rgdp specific for a particular epitope which 
comprises producing a population of such rgdps as 
Amm^ihy f^ above and th e additional step of selecting for 
'said binding molecule* by contacting the population with 
■said epitope so that individual rgdps with the desired 
I specificity mey bind to said epitope. The method may 
(comprise one or more of the additional steps o<= (J-> 
\ separetlng any bound rgdps from the epitope; (ii) 
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recovering any separated rgdps and (lii) using the 
Insez-ced nucleotide sequences from any separated rgdps in 
a recombinant system to produce the binding molecule 
separate from virua. The selection step may isolate the 
nucleotide sequence encoding the binding molecule of 
desired specificity, by virtue of said binding molecule 
being expressed in association with the surface of the 
virus in which said encoding nucleic acid is contained. 

The present invention also provides a method of 
producing a aultiaeric member of a specific binding pair« 
(sbp), which method coaprises: 

expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused to a 
component of a secreted rapllcabla genetic display 
package (rgdp) which thereby displays said polypeptide at 
the surface of the pactcage, and expressing in a 
recombinant host organisa a second polypeptide chain of 
said multiaer and causing or allowlzig the polypeptide 
chains coma together to form said multiaer as part of 
said rgdp at least one of said polypeptide chains being 
expressed from nucleic add that is capable of being 
packaged using said component therefor, whereby the 
genetic material of eech said rgdp encodes a said 
polypeptide chain. 

Both said' chains may be expressed in the same host 
organism. 

The first and second chains of said nultimer may be 
expressed as separate chains from a single vector 
containing their respective nucleic acid. 

At least one of said polypeptide chains may be 
expressed from a phage vector. 

At least one of said polypeptide chains may be 
expressed from a phagemid vector, the method including 
using a helper phage, or a plasmid expressing 
complementing phage genes, to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent, 
defective or conditionally defective in the helper phage. 

The eethod may comprise introducing a vector capable 
of expressing said first polypeptide chain, into a host 
_ organisa which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
ssld second polypeptide in free form into a host organism 
which expresses said first polypeptide chain. 

Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
using said component fusion product, whereby encoding 
nucleic acid for both said polypeptide chains are 
packaged in respective rgdps. ^ ^. _ 

The nucleic acid encoding at least one of said first 
and second polypeptide chains may be obtained from a 
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library of nucleic acid ^Including nucleic acid encoding 
said chain or a population ot variants of said chain- 
Both the first and second polypeptide chains may b« 
obtained froa respective said libraries of nucleic acid. 
The, present invention also provides a method 
= — ^ specific binding pair (sbp) 




p^o(}ucing* a - — - - 

a nucleic acid library including nucleic acid encoding 
said sbp member or a genetically diverse population of 
said type of sbp members, which method comprises: 

expressing in recombinant host cells polypeptides 
encoded by said library nucleic acid fused to a 
component of a secreted replicable genetic display 
package (rgdp) or in free form for association with 
a polypeptide component of said abp member which is 
expressed as a fusion to said rgdp component so that 
ttm rgdp display* said sbp member in functional forv 
at the surface of the package, said library nucleic 
acid being contained within the host cells in a form 
that is capable of being packaged using said rgdp 
component, whereby the genetic material of an rgdp 
displaying an sbp member contains nucleic acid 
encoding said sbp member or a polypeptide component 
thereof. 

The nucleotide sequences for the libraries may Be 
derived from eg animal spleen cells or peripheral blood 
lymphocytes. Alternatively the nucleotide sequence may 
be derived by the in vitro mutagenesis of an existing 
antibody coding sequence. 

The present invention also provides a method oc 

pr'^Klucing' a member of a 'r^***- htnding P»^g,<«^P' T 
T\ Shich method comprises: («vi.»> a>i-«>^>«nuUJy^ 

y expressing in recombinant host cells nucleic acid 

^ encoding said sbp member or a genetically diverse 

population of said type of sbp member wherein the or 
each said sbp member or a polypeptide component 
thereof is expressed as a fusion with a component ot 
a secreted replicable genetic display package (rgdp) 
which displays said abp member at the surface of the 
package, nucleic acid encoding said sbp member or a 
polypeptide component thereof being contained within 
tha host cell In a form that is capable of being 
packaged using said rgdp component whereby the 
genetic material of the rgdp displaying said sbp 
!!^f-K««- ancodes said sbp meabar or a polypeptide 
coaponant thereof, said host organism being a 
autator strain which Introduces genetic diversity 
into the sbp member to produce said mixed 



Aprodudnf 
I which mei 
_i— ^ expi 



population. 

The "present Invention also provides 



method of 



p^oduci^*'e member of a specific binding pair (sbp)< 
■ ■ ^ ithod eoaprisaai 



expressing in reeombinent 



: ce lls nucleic add 
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encoding said sbp aember or a genetically diverse 
population of said type of sbp nember wherein the or 
each said sbp meaber or a polypeptide component 
thereof is expressed as a fusion with a coaponent of 
a secreted replicabie genetic display package (rgdp) 
which displays said sbp sember in functional form at 
the surface of the package, nucleic acid encoding 
said sbp nefflber or a polypeptide cofflponent thereof 
being contained within the host cell in a form that 
la capable of being packaged using said rgdp 
coaponent whereby the genetic material of the rgdp 
displaying an sbp member encodes said sbp member or 
a polypeptide component thereof, said fusions being 
with bacteriophage capsid protein and the rgdps 
being formed with said fusions in the absence of 
said capsid ejcpressed in wild-type form. 
The present invention also provides a aethod of 
,_-Juclng*e member of a aneelfle blndino pair fsfapl-^whleh 

method comprises: f**^<x*<>>^ a^ftca^ 

expressing in recombinant host cells nucleic acid 
encoding said sbp member or a genetically diverse 
population of said type of sbp member or a 
polypeptide component thereof fused to a coaponent 
of a secreted replicabie genetic display package 
(rgdp) which displays said sbp member in functionel 
form at the surface of the package, nucleic acid 
encoding said sbp member or a polypeptide component 
thereof being contained within the host cell in a 
fozB that is capable of being packaged using said 
rgdp component whereby the genetic material of the 
rgdp displaying an sbp nember or a polypeptide 
component thereof encodes seld sbp member or a 
polypeptide component thereof, said sbp member or 
polypeptide component thereof being expressed from a* 
phagemld as a capsid fusion, and a helper phage, or 
a plasmld expressing complementing phage genes, is 
used slong with seld capsid fusions to package the 
phagemld nucleic acid. 

The library or genetically diverse population may be 
obtained from: 



(1 ) the repertoire of rearranged immunoglobulin 
genes of en animal not immunised with 
complementary sbp nember. 

(11 ) a repertoire of artificially reerranged 
Immunoglobulin gene or genes 

Cii) e mixture of eny of (i). (11). 
The capsid protein may be absent, defective or 
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conditionally defective in the helper phage. 

The host cell may be a eutator strain which 
introduces genetic diversity into the sbp member nucleic 
add. 

The sbp member may comprise a domain which is, or is 
homologous to, an immunoglobulin domain. 

The rgdp nay be a bacteriophage, the host a 
bacterium, and said component of the rgdp a capsid 
protein for the bacterophage. The phage may be a 
filamentous phage. The phage may be selected from the 
class X phages fd, M13. fl, X£l. Ike, ZJ/Z, Ff and the 
class ZX phages xf, Pfl and Pf3. The phage may be fd or 
a derivative of fd. The derivative may be tetracycline 
resistant. The said sbp member or polypeptide chain 
thereof may be expressed as a fusion with the gene XZZ 
capsid protein of phage fd or its counterpart in another 
filamentous phage. The sbp member or polypeptide chain 
thereof may be inserted in the K-terminal region of the 
mature capsid protein downstream of a secretory leeder 
peptide. The sequence may be inserted after amino add 
♦1 of the uture protein. The site for insertion may be 
flanked by short sequences corresponding to sequences 
which occur at eeeh end of the nucleic add to be 
inserted. ^ 

The hose may be E.coli. i 
Nucleic acid encoding an sbp member polypeptide^ may 

be linked downstream to a viral capsid protein through a 

suppresslble translational stop codon. 



The expression end product or derivative thereof may 
be used to prepere a therapeutic or prophylactic 
medicament or a diagnestic product. 

The present invention also provides recombinant host 
cells herbouring a library of nucleic acid fragments 
prising fragments encoding a genetically diverse 
ilation of a type oT^member of a specific binding pair 
J (sbpVr •■ch sbp member or a polypeptide component thereof 
/^""being expressed as a fusion with a component of a 
secreteble replicable genetic display package (rgdp), so 
that said sbp members are displayed on the surface of the 
rgdps in functional form and the genetic material of the 
rgdps encode the associated sbp me«ber or a polypeptide 
component thereof. The type of sbp members may be 
immunoglobulins or immunoglobulin homologs, a first 
polypeptide chain of which is expressed as a said fusion 
with a component of the rgdp and a second polypeptide 
chain o< which is expressed in free form and associates 
with thtt fused first polypeptide chain in the rgdp. 
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Th* present invention also pr vides a phage antibody . 
having the ton of a replicafile genetic displ ay package J 
displaying on its surface in functional form a^memfier of 
speciCic binding pair'* or a specific binding doaain 
thereof. 

In the above methods, the binding molecule 

or a domain that is homologous 
iiamunoglobulln. The antibody and/or dooein may be either 
neturally derived or synthetic or a combination of both. 
The domain may be a Fab, scFv, Pv dAb or Fd molecule. 




tresant invention also provides rgdp s as defined J 
' specific binding pair^ ' 

. obtainable by use of 
any of tba above defined methods. The darivatlves may 
eomprisa members of the specific binding pairs fused to 
another molecule such as an enzyme or a Fc tail. 
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Example 1 shows the determination of affinities and cross- 
reactivities of antibody ftagmenis isolated from a phage Ubrary of 
the natural immxme repertoire "u«ry or 



Example 2 shows the isolation of antibodies directed against 
hunan tumour necrosis factor-a from a phage Ubraiy of scFv 
fragments. 

Bcample 3 shows ±e isolation of antibodies binding xo human 
thyroglobulin from a phage Ubrary of scFv fragments. 
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Example 1 Prooenies of ant ibody fragmtnti directed atainst 2-Dhenvl-5-wazolone and wrkev e«f 
Ivsorvme isolated from a scFv antibody renenoire derived from an unimmunised human and 

Antibody scFv fragmenu directed against 2-phenyt-S-oxj2olone (aphOxl5) and mricey egg 
lysozyme (aTEL9, aTEL13. aTEL14 and aTELlS) and bovine serum albumin (aBSA3) were 
selected from a libnry of scFv fngments, derived rim unifflmunised huaians. expresssed on the 
surface of phage fd were isolated as described in example 43 of PCT/GB9 l/Ol 134 
BJSA 

Auiysis of phage for binding lo phOxBSA. BSA or lysozyme by ELISA was performed on 
bacterial supematants containing phage essentially as described (Qacluoa, T. et aL. (1991). 
Naaire (London), 352. 624-628) with 100 >ig/ml phOx:BSA or BSA. or 3 mg/ml turkey egg 
white lysozyme used for coating. The spedTidty of isdaud dooes was chedced by SJSA of the 
soluble scFv fragments using plates coated with 1 mg/ml of an various proteins (hen-egg 
ovalbumin, hen egg lysozyme. chymoirypsinogen A. cytochrome C. bovine thyroglobulin. 
glyeeraldehyde<3-pbospha(e dehydrogenase, chicken egg white trypsin inhibitor (Sigma), keyhole 
limpet haemocyanin (CalBiochem). Binding of soiuUe scFvs to aniigeii was delected with the 
mouse moooclonal antibody 9E10 (1 mg/ml). which recognizes the C-ierminal peptide tag (Munro. 
S. and Pelhun. H R. B. (1986). Cett . 46. 291-300) and peroxidase conjugated anti-mouse Fc 
antibody (Sigma), as in Ward. E. S. et aL. (1989). Nature (London). 341. 544.546 . 
Sduble antibody fngments were readily prepared by growth of E. coffi HB2151. a non-suppressor 
-tnin. carrying the phagemid (Hoogenboom. H. R. et aL, (1991). NucUie Acids Rexareh, 19. 
4133-4137) . Soluble scFvs of aphOxlS. aBSA3. aTEL9. aTEL13 and aTELU were highly 
spedfic in an ELISA to lest cross reactivity (Fig. 1). The 0TELI6 scFv. isolated from the IgG 
libniy. could not be delected in ELISA as a soluble fngment. probably due 10 iis low afTiniiy. 

Punfi<a«»9B 9f «f»i M>4 «ffininr ^terrnlnation 

The pfaOx bindng scPv done 15 (aphOxl5) and (he TEL binding scFv clone 9 (aTEL9), which 
g»ve the strongest EUSA signals, were chosen for afTinity determinaiioa Colonies of E. eoli 
HB2151. a non-suppresscr strain, harbouring the appropriate phagemid were used to innoculate 10 
I of 2 xTY containing 100 mgampidliin/mi and a 1% glucose. The culnuts were grown 10 an 
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O.D.600 om of 0.9 and expression of soluble scFv induced by the addition of IPTG to a TinaJ 
cancentncion of 1 mM. Supenutani was concentrated 8 fold by ultnTiltntion (Hltroo. Flowgeo) 
and 200inl loaded onto a 5 ml column of protein A-Sepharese cross-linked by dimethylpimelidate 
(Harlow. E. and Lane, D. (1988). Aiuibodies • a laboratory manual. Cold Spring Harbour 
Laboratory Press) to the monoclonal antibody 9E10 that recognizes the C-terminal peptide tag 
(Qackson. T. «i oL (1991). Naairt (London). 352. 624-628: Mumo. S. and Pelham. H. R. B. 
(1986). Celt, 4<. 291-300). The column was washed with 100 ml PBS. lOml PBS-0.5 M NaO. 
10 ml 0.2M Glycine pH 6.0 and 10 ml 02 M giydoe pH 5.0. The tcFv fngmeat was eluted with 
10 mi a2 M glycine. pH 3.0. neutralised with Tfis base and dialyzed into PBSE. (PBS buffer 
oonoitting 0.2 mM EDTA). Sttpenutam from a separate inductioa of the aTEL9 was purined on 
lysozyme-Sepharose (Ward. E. S. et aL, (1989). Sature (London). 341. 544-546). 

AfTiniiies were measured by fluorescence quench techniques, based on the quenching of tryptophan 
fluorescence by the bound hapten or antigen (Eisen. H. N.. (1964). Meih. Med. Research, 10, 
115-121; Fbote. J. and Milstein. C (1991). Nature (London). 352. 530-532). All measurements 
were made with a Peridn-EIraer LS-SB specuofluorimeter. using an excitation wavelength of 280 
nm. Antibody (0.9 ml) in PBSE buffer, was placed in a 4 x 10 mm cuvette in the instrument, and 
held at 20 *C 

^ delennination of the affinity of apbOKl5. fluorescence quench titration was perfoimed 
essentially as Fboie. J. and Milstein. C (1991). Nature (London). 3S2. 530-532. A regime of 
hapten excess was used: the antibody concentration (100 nM) was at most equal to the lowest 
concentration oThapceiL Negligible volumes of the hapten 4-g-amino-butyrie add methylene 2- 
pheayl-OKazal-5-cne (phOx-OABA) were added to aphOxl5 protein to cover a concentration range 
of 1/5 to 4 timet the prelimiaify estimate of the dissociation constant (500 nM). and the 
fluorescence detemined 1 minute after each addition. Emission was monitored at 340 nm. Data 
were averaged from 3 runs and the value of the equilibrium constant was obtained from a leas^ 
squara fit of the datn to a hypeAoln. 
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Ruorescence quench titration was also used t determine tl»e afnnity of aTEL9 (Esea. H. N.. 
(1964). Meth. Med. ReseanK 10. 115-121). aTEL9 pnjcein « 200 nM was titrated to 2.fdd 
molar excess with TEL (Sipna) in PBSE. sample DuoRscence being determined I minute after each 
addido& Emission was monitored ai 350 nm and the titratioa repeated six times. Five identical 
tinnons with TEL were also performed on aphOxl5 as cootroJ. The Ouorescence data from each 
of the six titiatioas of aTEL9 were subtracted from the mean nuoresceace values from the five 
cootrol titiaiiofu of aphOxl5 to account for the fluorescence contributed by the added TEL. To 
obtaio the equilibiiuis ooostant. fluoresceace data, averaged from the six corrected liuaiioas of 
aTH^. were Tit by leut-iquaies to a bypcAoia. 

Soluble sePv aTEL9 was puiiTied in one siepoa aTEL septaanse odunui or via in c-myc peptide 
tag on a 9E10 antibody cslunn. Soluble scFv apfaOxl5 was puriHed in one step on a 9E10 
column . Typical yields were 2 mg// after puriricaiiao on 9E10 and 5- 10 mg/i after purification on 
an antigen column. The dissociation constant of the aTEL9 scFv was 86 nM « 61 nM and the 
dissociation constant of the aphOxl5 scFv was 534 nM ± 72 nM. The high standard error 
observed for the dissociation constant of aTEL9 has previously been observed for hen egg 
lysozyme binding antibodies using this technique. 

Finally, soluble aTEL9 
scFv could be used to detea lysozyme (1 ^g) in a Western blot (data not shown). 
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IsoUtion of antibody fragmenu directed against self antigens from a tibr ary of 
scFvs made from uninuntinized blood donor s. 

Introduction 

NaturaUy occuring V-genes isolated from human PBU can be constructed into a 
large Ubrary of antibody fragments which contain reactivities against andgens to 
which the donor has not been exposed (^ct7ftWl/olU^ uy^). Thmt Ubraries nuy 
also contain reactivities against self antigens, arising either from s«U-reactive B- 
ceUs whidJ have not been deleted or as non-naiurally oceuring fragments 
resulting from VH and VL chain recombination. To test this hypothesis, we 
panned a large human scFv Ubrary displayed on the surface of a phagemid . 
against human TNF-a and a human IgG/ic immunoglobulin. 

Methods 

Rescue of the library: The library of svFvs was consmicted from the RNA of 
human PBLs and has been previously described t-V/trfeitpi^w exttiN. To rescue 
phage displaying antibody fragments, approximately 10' E. col/ harbouring the 
phagemid were used to innoculate SO ml of 2 x TY containing 1% glucose and 100 
(ig/ml of ampidllin (2 x TY- AMP-GLU) and grovm to an O.D. of 0.8 with 
shaking. Rve ml of this culture was used to innoculate SO ml of 2 x TY- AMP- 
GLU. 2 X 10» TU of delta gene 3 helper were added and the culhire incubated at 
37* C (br 45 minutes without shaking and then at 37* C for 45 minutes %wth 
shaking. Th* culture was cennifuged at 4000 r.pjn. for 10 min. and the pdlet 
resuspcnded in 2 litrer of of 2 x TY conUining 100 |ig/ml ampidllin and 50 ng/ml 
kanamydn and grown overnight Phage was prepared as previously described 
(pcrfCt^i/oiilitcAiiit). 



C 002930 



01 



Panning of the library: Immunotubes (Nunc) were coated overnight in PBS v«nth 
4 ml of either 100 >ig/ml or 10 tig/ml of recombinant human TNF-a in PBS or 4 
ml of 10 tig/ ml of FOg-1, a human IgC/k immunoglobulin which recognizes the 
human red blood ctll Rh (O) antigen. Tubes were blocked with 2% Marvel-PBS 
for 2 hours at IT C and then washed 3 times in PBS. Approximately 10" TU of 
phage was appUed to the tube and incubated for 30 minutes at room temperature 
tumbling on an over and under nimiable and then left to stand for another 1.5 
houn. Tubes %vere washed ID times with PBS 0.1% Twccn-20 and 10 limes with 
PBS. Phage were eluted by adding 1 ml of 100 mM triethylamine and rotating 15 
minutes on an under and over turntable after which the solution was 
immediately neutralized with 03 ml of 1,0 M Tris-Hp, pH 7.4. Phage were then 
used to infect 10 ml of mid-log £. co/i TGI by incubating eluted phage with 
bacteria for 30 minutes at 37* C. The E. coli were then plated on TYE plates 
containing 1% glucose and 100 ug/ml ampidllin. The resulting bacterial library 
was then rescued with delta gene 3 helper phage as described above to prepare 
phage for a subsequent round of selection. This process was then repeated for a 
total of 4 rounds of afflnity purification with tube-washing inaeased to 20 times 
tvith PBS, ai% Tween-20 and 20 times with PBS for rounds 3 and 4. 

Characterization of binders: Eluted phage from the 3rd and 4th rounds of 
selection were used to infect E. coU HB 2151 and soluble scFv was produced 
(fUf(l«!ii/lGH3itCA» ) from single colonies for assay. In the case of TNF, phage was 
also rescued from single colonies. EUSAs were performed as previously 
described %nth microdtre plates coated %trath either 10 tig/ml human TNF-a in SO 
mM bicarbonate pH 9.6 or 10 )ig/ml Fbg-l in PB& Clones positive in EUSA were 
further characterized by PCR Rngerprinting ( Krp6nlf»ll3^« jo ) and then by 
sequencing. 

RcsulU 
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INF: Soluble scFv from 1536 colonies and phage from nS2 colonies were 
screened by EUSA and positive clones were further characterized by PCR 
fingerprindng and sequencing. In this manner, 15 different binders were 
identified. Four of these have been partially sequenced (Table I). 

Fbg-1: Soluble scFv from 96 clones was soeencd by EUSA and positive dones 
were further characterized by PCR fingerprinting and sequencing. In this 
manner, four different binders were identifed (sec Table 1). 
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Example 44 of PCT/CB91/01 134 desciibes the seleciion of inubody scFv fngsnenis 
directed against ihyroglobutin froni a library of kFv riagments. derived from 
unimmunised humans, expresssed oa the surface of phage fd were isolated by 
panning against bovine thyroglobulia. Sixteen clones spedHc for bovine 
thyioglobulio were analysed for binding lo human ihyroglobulia in an ELISA asay u 
described in example 44 of PCT/GB91/01134. Nine of these clones also bound 
strongiy to human tbyroglobulin with absorbance signals of between 1.0 and 1.6 12 
raiaute* after addiliaa of substnie. No crea>reactivity (signal less than O.QS after 90 
rain) wu found with a panel of unrelated antigens- hen egg lysozyme, BSA, 
ovalbumin, chyraouypsinogen. cytochrome c. keyboie limpet hemocyanin. insulin, 
caididipin and DHA. 

Thus antibodies with specificity for the self antigen, thyroglobulia can be isolated 
from libraries prepared from unimmunised humans. This procedure using an 
analogous molecule from another animal to select antibodies and then screening for 
cross reactivity with the human antigen may be a general approach for the isotaiion of 
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RffB* 1. Spedfldty of sohibie single chain Fvs (scFvs). Binding was 
detennined by EUSA to a variaty of pnatcins. aTEL9. aTEU3 and aTEU4 
■ 3 anti-turltey tysozyme scFVjt aphOxtS - antt.2-phenylOMZol-S-one 
scPv: aBSA-3 - anti-bovine senim albumin seFv. Antigens: TEL (solid 
box) - turkey egg lysozyme; phOx-BSA (crosshatched box)- 2- 
phenykauzol-S-one coupled to bovtne senan albumiit BSA (st^cd booc) 
- bovine serum albumin; other antigens (open box) - keyhole limpet 
hemocyanin, bovine thyroglobulin. chymotrypsinogen A. hen-egg 
ovtlbuinia cytochrome e, hen egg lysoiyme^ cWcken egg white trypsin 
inhibitor, glyceraldehyde-3-phasphate dehydrogenase and plastic 
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